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SECTION I 

SCOPE 

1.1 This specification covers one type of equipment designated as 

. A  Lunar Sounder HF Transmitter-Receiver; Collins Type No. TBA - 
conjunction with the Lunar Sounder Timer, Collins Type No. T6A 

and the Lunar Sounder Antenna assembly Collins Type No. 

the equipment will provide for the transmission of RF pulses to the lunar 

TBA 

surface f r o m  an orbiting vehicle and for the reception o f  the reflected 

pulses. 

. .  



SECTION 11 

APPLICABLE DOCUMENTS 

.... 

Gewral 

The following documents form a par t  of this specification to  

-- 2.1 

the extent specified herein. 

Spsc=ifications 
Coll%is Racli 0' comnanv < 

TBD Acceptance Test Procedure fo r  the 

I Lunar Sounder HF Transmitter-Receiver, 

TBD Design Proof Test Procedure f o r  the 

Lunar Sounder HF Transmi tter-Receiver , 
I - NoRth America Rodkell  

SD 69-315 Apollo Lunar Exploration Missions Experiment 

Instruments Performance and Interface Speci- 

f ica t ion  Block 11-CSM 22 December 1969, 

Rrecedanc'e 

&hen the requirements o f  this specif icat ion or any other contractual 
-- . . 2.2 

document a r e  i n  con f l i c t ,  precedence shal l  be as  specified i n  SD69-315. 

. .  



SECTION I11 

RE QU I RE ME PITS 

. 3.1 Components 

The Lunar Sounder HF Transmitter-Receiver shall  consis t  of components 

mounted on a common chassis. 

3.2 General Specif i cation 

The requirements of SD69-315 shall  apply as requirements of t h i s  

specification with the exceptions and additions specified herein. 

3.3  Selection o f  Specifications and Standards 

Specifications and standards shal l  be selected i n  accordance with 

speci f i ca t  i on SD69-3 15. 

3.4 Materi a1 s 

Materials shal l  conforni t o  the requirements of specification SD69-315. 

3.5 Des i gn 

The equiprr,ent shal l  provide f o r  the transmission of short  pulses o f  

RF energy centered on the assigned center frequency. 

I t  shal l  have the capabi l i ty  o f  detecting the transmitted pulses 

a f t e r  they have been attenuated and delayed by ref lect ion from a d i s t a n t  

surface, and providing the detected signals as an RF output o f f se t  from the 

transmitted frequency a t  a nominal 455 kHz, 
. . A  

Provisions shal l  be incorporated t o  provide reference outputs i n  

synchroni s r  with the transnii t t ed  pul s ~ s  , and  inh ib i t  ci rcui t ry  s ha1 1 be 

provided t o  enable the uni t  t o  operate sequentially with another unit  of the 
‘ L .  

same general characteri s t i  cs. 

3.5.1 Frequency Assignments 

The assigned center frequencies shall  be as follows: 

-001 5 .  YHz 

-002 I 15 “MHz 



3.6 Construction 

The equipment shal l  be constructed by modifying a Collins HF Transceiver, 

Type No. 514-0016. 

3.7 Performance 

3.7.1 Power Source 

The equipment s h a l l  operate from a 28-volt  dc source having the character- 

i s t i c s  specified i n  SD 69-315, 

3.7.2 Power Input Requirements 

The average power required by the equipment shal l  n o t  exceed 12 wa t t s .  

3.7.3 Transmitter R F  Power O u t p u t  

The peak envelope power o u t p u t  of the t ransmit ter  shal l  be no l e s s  t h a n  

the value l i s t e d  below when operated i n t o  a 50-ohm res i s t i ve  load: 

-001 45 watts 

-002 20 watts 

3.7.4 Transmitter RF Pulse Envelope 

When operated i n t o  the loads  specified in paragraph 3.7.3 the envelope of 

the RF o u t p u t  pulse shal l  f a l l  w i t h i n  the l i ini ts  shown in f igure 1’. The transmit 

Sync pulse shal l  be coherent w i t h  the leading edge o f  the RF pulse generated such 

t h a t  the var ia t ion of the pulse leading edge r e l a t ive  t o  the any selected zero 

crossing of the reply a s  i t  appears a t  the video o u t p u t  terminal (455 KHz) does 

not deviate greater  than $5 nanoseconds in any one second period for  any fixed 

delay introduced i n t o  the transmitted RF o u t p u t  which r e su l t s  i n  a receiver i n p u t  

d u r i n g  the specified receive period. 



-001 tR = NMT 0.8 microseconds 

tf = NMT 0.8 microseconds 

. T - .  2 . 2 + 0.2 microseconds 

t, = NMT 0 5 microseconds 

= NMT g.5 microseconds 
-002 L 

tf 
T = 1.1 + 0.1 microseconds ' --- 

FIGURE 1 



3.7.5 Pulse T iming  

When primary power i s  applied t o  the u n i t ,  i t  shall  ( i n  the 

absence of the received inh ib i t  sync pulses as described i n  paragraph 3.7.15) 

transmit i n h i b i t  sync pulses and r f  pulses a t  intervals  of 2290 -f: 10 micro- 

t' seconds. The rf pulses shal l  occur 255 -f. 5 microseconds subsequent t o  the 

leading edge of the transmit i nh ib i t  sync pulse and shal l  be of duration specified 

i n  paragraph 3.7.4. The transmit i n h i b i t  sync pulse shal l  be i n  accordance 

w i t h  paragraph 3.7.15. 

I f  a receive inh ib i t  sync pulse is  present a t  the Sync terminal, 

a transmit sync pulse shal l  be i n i t i a t e d  2000 - + 10 microseconds subsequent 

t o  the leading edge of the received inh ib i t  sync pulse and be followed a t  

the appropriate time by the rf pulse transmission. No other output pulses 

shal l  occur subsequent t o  tha t  time. 

3.7.6 Transmitter Frequency S t a b i l  i t y  

The center frequency o f  the rf o u t p u t  (CN) shal l  n o t  vary more 

than 5 ppm from the assigned center frequency. The rms phase j i t t e r  measured 

over any 1 second period shall  n o t  exceed TBD degrees. 

3.7.7 Transmitter Spurious O u t p u t s  

All antenna conducted rf outputs from the t ransmit ter ,  other t h a n  

those produced by the fundamental c a r r i e r  freauency and the sidebands produced 

by the modulating pulses, s h a l l  be no greater  t h a n  TBD dbm. 

3.7.8 Receive Period 

The receive period i s  defined as .k s t a r t i ng  300 microseconds a f t e r  

the transmitted pulse f a l l s  t o  i t s  10 percent value and extending f o r  one 

millisecond. 

during this period. 

The receiver is  required t o  meet i t s  specified performance only 



3.7.9 Receiver Source Impedance 

The nominal impedance of the source feeding the receiver ( d u r i n g  the 

receive period) will be 50 ohms. 

3.7.10 Receiver Input Impedance 

The nominal i n p u t  impedance of the receiver ( d u r i n g  the receive 

period)shall be 50 ohms. 

3.7.11 Receiver Frequency Trans1 at ion 

The receiver s h a l l  t rans la te  r f  input signals in such a manner t h a t  
I 

the receiver o u t p u t  frequency i s  [455 kHz + I f  inputs - f c l ]  within 5 ppm o f  

f c ,  where f c  i s  the assigned center frequency specified i n  Section 3,5,1.  

M i t h  a fixed i n p u t  frkquency, the output frequency shall  n o t  vary more t h a n  

1.5 ppm i n  any 2-second period. 

3.7.12 Video O u t p u t  

The  u n i t  shal l  provide a video output consisting of the combined 

receiver o u t p u t  and transmit sync pulse, This o u t p u t ,  provided from a 

coaxial connector, shall  meet the specified requirements when terminated in 

a load o f  50 ohms - + 10% res i s t i ve  over the band of 100 kHz t o  2 MHz, 

3.7.12.1 Receiver O u t p u t  

The receiver output as described i n  paragraph 3.7.11 shal l  time 

share the video o u t p u t  w i t h  the transmit sync pulse. 

be suppressed during the transinit sync pulse t o  a level n o t  greater  t h a n  -30 dbrn, 

Receiver noise shal l  

With  the AGC s tab i l ized  the receiver o u t p u t  level as measured a t  the 
. A .  

video o u t p u t  terminal shall  be 1 vol t  - + 10% peak t o  peak for  a reference rf 

i n p u t  signal of peak envelope power between -90 dbm and -40 dbm. 

3.7.12,2 Transmit Sync Pulse O u t p u t  

The transmit sync pulse shall time share the video o u t p u t  w i t h  the 

~ receiver. The pulse shal l  occur synchronous with the rf modulated output 



and shall be present a t  the video output terminal within - + 1 microsecond 

of &e pulsed r f  o u t p u t .  The displacement between the leading edge of the  

pulse and any selected zero crossing of the received I F  shal l  n o t  

deyjate by more than 2 5 nanoseconds i n  any 1 second period.for any f i x e d  delay. 

Transmit sync pulses from the video output shal l  be 5 microseconds 

+ 20% duration. The pulse shal l  be posi t ive g o i n g  of  a level of 1 vo l t  - -I- 10% 

peat: f o r  the -001 configuration and negative going of a level of 1 v o l t  - -I- 10% 

peak for the -002 configuration. 

3.7.13 Receiver Pulse Response 

With an i n p u t  consisting of  5 microsecond wide pulses of rf on 

the assigned center frequency and having a repe t i t ion  r a t e  of 500 pps  the  

r i s e  and f a l l  times of the o u t p u t  pulses (90% - 10%) shal l  not exceed 

I _  1.2 

t o  :~lo 'dbm a f t e r  the  AGC has s tab i l ized .  

microseconds. This requirement shal l  be met w i t h  rf i n p u t  l eve ls  u p  



c 

3.7.14 Receiver AGC 

3.7.14.1 Attack Time 

W i t h  an i n i t i a l  steady-state reference i n p u t  (se note 6.2) from -90 dbrn 

t o  -40 dbm, the o u t p u t  signal shal l  recover t o  within 110 percent of the new 

steady-state value i n  10,000 microseconds a f t e r  the application of a 10 d b  

step increase i n  the RF i n p u t  l eve l .  

3.7.14.2 Release Time 

Wi th  an i n i t i a l  steady-state reference i n p u t  (see note 6.2)  from 

-90 dbm t o  -40 dbm, the output signal shal l  recover t o  w i t h i n  90 percent 

of the new steady-state  value i n  1 second 

step decrease i n  the RF i n p u t  level .  

3.7.15 T iming  Sync 

a f t e r  the application of a 10 d b  

I 

Terminals accommodating a twisted shielded wire pair  shal l  be provided 

for the  transmission and reception of Sync s ignals .  

shal l  be 470 ohms shunted by n o t  more than 30 picofarads capacitance. Sync 

s ignals  generated by the u n i t  fortransmission shal l  be characterized by the 

establishment of a ground (zero +0,5, -0.0 vol ts  de) capable o f  s i n k i n g  n o t  

l e s s  than 12 milliamperes. Sync s ignals  shal l  e x h i b i t  r i s e  and f a l l  tiines 

(10% t o  90% amplitude) of n o t  g rea te r  than 1 microsecond with a tes t  load of 

470 ohins shunted by 200 picofarads capacitance, A transinit Sync pulse shal l  

be i n i t i a t e d  265 + - 5 microseconds pr ior  t o  R-F transmission and sha l l  remain 

Nominal i n p u t  impedance 

f o r  a duration of  5 microseconds. 
- - .  



3,7,15 Timing Sync ( c o n t o >  

Transmit/receive i n h i b i t  sync pulses shall  be accepted a t  the 

sync terminal and are  characterized by the establishment of a ground 

(zero +0.5, -0.0 vol t s  dc) capable of sinking not less t h a n  12 milliamperes. 

I n h i b i t  sync pulses shal l  be of a duration of 300 + 5 microseconds. Upon 

r 

e - 

receipt of 

by the rec 

mission of 

seconds or 

of the i n h  

the i n h i b i t  sync pulse the uni t  s h a l l  ( 1 )  i n h i b i t  reception 

iver  for  a period of 30 

the transmit sync pulse 

n o t  greater  than 2000 m 

b i t  sync pulse. 

- + 10 microseconds and (2 )  i n h i b i t  t rans-  

for a period of n o t  l ess  t h a n  1980micro- 

croseconds referenced t o  the leading edge 

3.8 Tel erne t r y  O u t p u t s  

Telemetry outputs shall  be provided for  the functions l i s t e d  below. 

Each of these outputs shal l  be normalized t o  provide nominal 0 t o . 5  vol t  s ignals  

in to  a 5000 ohin load. These signals shal l  be sampled once per second. 

Calibration curves shal l  be provided f o r  each output. 

3.8.1 RF O u t p u t  

An output shal l  be provided which i s  proportional t o  the peak output 

power o f  the transmitter.  The scale  fac tor  shal l  be as follows: 

-001 

-002 

3.8.2 AGC Voltage 

t.5 V corresponds t o  a nominal power output of 50 W PEP 

+5 V corresponds to  a nominal power o u t p u t  of 25 W PEP 

An output shall  be provided which'is proportional t o  receiver AGC 

voltage. 

t o  -40 dbm. 

308 .3  Internal Temperature 

0-to t5 V sha l l  correspond t o  a nominal s i g n a l  strength o f  -90 

An output s h a l l  be provided which i s  proportional t o  the h o t  spot 

tmperature of the transceiver . 0 t o  +5 V shall  correspond t o  0°C t o  +70"C. 
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3.9 Interchangeabi 1 i ty 

The interchangeability shall  be in accordance with the requirements 
I 

of specif icat ion SD69-315. 

3.10 Electromagnetic Interference 

The equipment shal l  meet the electromagnetic interference require- 

ment o f  specif icat ion SD69-375 with the following exception TBD . 
3.11 Finish 

The equipment shal l  be finished in accordance with t h e  requirement 

of specif icat ion SD69-315. 

3.12 Ident i f icat ion of Product 

The equipment shal l  be marked as  specified in specification SD69-315. 



SECTION IV 

QUALITY ASSURANCE PROVISIONS 
1 

4.1 Classif icat ion of Tests 

The inspection and tes t ing o f  the Lunar Sounder HF Transmitter- 

Receiver s h a l l  be c lass i f ied  as follows: 

(1) Design Proof Tests 

(2 )  Acceptance Tests 

4.2 Design Proof Tests 

The equipment shal l  meet the performance requirements specified 

herein d u r i n g  the t e s t s  specified i n  Tables 4-1 and 4-2 when subjected t o  

the environment levels  and t e s t  methods specified i n  SD69-315 and the Design 

Proof Test Procedure for the Lunar Sounder HF Transmitter-Receiver. 

4.3 Acceptance Tests 

Each equipment shal l  meet the requirement specified herein d u r i n g  

the t e s t s  specified i n  Table 4-3, 

shal l  be i n  accordance w i t h  specif icat ion SD69-315 and the Acceptance Tests 

The environment levels and t e s t  methods 

Procedure for the Lunar Sounder HF Transmitter-Receiver. 



b 

TABLE 4-1 DESIGN PROOF TESTING REQUIREMENTS 

TEST 

Acceptance Test (Ref. ) 

Humidi ty/Sal t Atmosphere 

V i  b r a t ion  

AcceleratiQn 

Shock 

Thermal Vacuum 
I 

Explosive Atmosphere 

Mission Simulation 

L 

TEST SP 
#1 

X 

X 

X 

X 

X 

X 

X 

- . . _. 



TABLE 4-2 DESIGN PROOF TESTS 

n 

% 
at 
II: 

at 
L 
at 

TEST 

I 

U 

c, 
v) 
at 
I-: 
at 
V 
S 
rd 
c-, 
P 
at 
V 
V 
Q 

5 
3 

c 
0 

rd 
L n 

Y 

at 
L 
at r 
Q 
v) 
0 
E c, 
Q 
at > 
-r 
v) 
0 
7 

Q 
X 
W 

S 
0 

F 
to c 
0 

S 
S 
LL 

I n p u t  Power x x x  x x x x  
Trans. Pk Env. P w r  ( 2 : l  VSWR) x x  X x x  
Trans. rf Pu lse  C h a r a c t e r i s t i c s  x x  X x x  
Trans. Sync P u l s e  S tab i  1 i ty x x  X x x  
Trans. Noise Leve l  x x  X x x  
Trans p r f  (Unsynchronized) x x  m m x  x x  

x x  
x x  

Trans. p r f  (Synchronized)  x x  
T/R Freq. S t a b i l i t y  x x  r d z  x 
Rec. S e n s i t i v i t y  x x  k J k J x  x x  

x x  o o x  
x x  

Rec. S e l e c t i v i t y  x x  
= =  x 

x x  Rec. Dynamic Range x x  0 0  
Rec. AGC C h a r a c t e r i s t i c s  x x  z z  x 
Video Output  Leve l  x x  - x  x x  

X x x  Video Output  No ise  Level  x x  
x x  H igh  and Low Vo l tage x x  X 

Trans. Pk Env. Pwr '  (50 h) . x x  X x x  

c s  
c, 
.I- *r x 
P Q  

I I  

1 )  The t e s t  specimen s h a l l  be s u b j e c t  t o  t h e  Func t iona l  Tests  be fo re  and a f t e r  
each env i ronmenta l  t e s t .  

2) Tests  i n d i c a t e d  by an X s h a l l  be per formed du r ing  t h e  t e s t s  i n d i c a t e d .  



I,. 
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-TABLE 4-3 
ACCEPTANCE TESTS 

( a )  Mechanical Inspection 

(b )  Electr ical  Tests. To be performed a t  room ambient conditions. 

Input Power 

Transmitter Peak Envelope Power 

Transmitter r f  Pulses Characterist ic 

Transmitter Sync Pu7 se Stabi 7 i t y  

Transmitter Noise Level 

Transmitter PRF (unsynchronized) 

Transmi t t e r  PRF (synchronized) 

Transmi tter-Receiver Frequency Stabi 1 i t y  

Receiver Sensi t ivi ty  

Receive dynamic range 

Receiver AGC Characterist ics 

Video O u t p u t  Level 

Video O u t p u t  Noise Level 

Single Point Ground Isolation 

(c) B u r n - i n  Tests. To be performed before and a f t e r  b u r n - i n .  

(1) All t e s t s  b (1)  through b (14). 

To be performed a t  24 hours during burn-in 

(1) Input Power 

(2)  

( 3 )  Transmitter PRF (unsynchronized) 

( 4 )  Transmi tter-Recei ver Frequency Stabi 1 i ty  

( 5 )  Receiver Sensi t ivi ty  

(6) Video O u t p u t  Level. 

( d )  

Transmi t t e r  Peak Envel ope Power 
C S .  



(e) Vibration Tests 

( I )  Input Power 

(2) Transmitter Peak Envelope Power 

(3 )  Transmitter rf Pulse Characteristics 

(4)  Transmitter PRF (unsynchronized) 

(5) Yransmi t t e r  Sync Pulse Stabi 1 i t y  

(6)  Receiver Sensitivity 

( 7 )  Video O u t p u t  Level 

(f) Thermal Tests 

(1)  A11 te'sts b(l] t h r o u g h  b ( 1 4 ) .  



SECTION V 

PREPARATION FOR DELIVERY 

c 

5.1 Genera 1 Requ i rem en t s ,̂ 

i r  

The equipment sha l l  be preserved and  packaged in accordance 
L 

w i t h  specif icat ion SD69-315. 



SECTION VI 

NOTES 

6.1 Dash Nuinbers 

All dash numbers i n  this specif icat ion,  i . e . ,  -001, -002, e t c . ,  

consis t  of a l l  paragraphs. Where a paragraph i s  subdivided by dash numbers, 

only tha t  

6.2 

par t  preceded by the spec i f ic  dash number shal l  apply. 

Reference Inputs 

The reference i n p u t s  shal l  consis t  of a t r a i n  of pulses with 

a reputation r a t e  o f  500 pps, w i t h  each pulse h a v i n g  the waveform specified 

i n  Section 3,7.4. 

it is  defined as the peak envelope power o f  t he  pulse. 

Nhen the power level of the reference i n p u t  is  specified,  
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